Could large CP-viclation be detected in polarized proton collisions
at RIIC?
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The measurable asymmetries which could be an indication of G- andfor
I-violation in charged current leptoproduction by polarized protons are
discuzsed.

Sumimary

What is discussed?

- The single- and double-spin leptoproduction asymumnetrics and their relative sengitivities to
CP-odd terms of the phenomenelogical charged current lagrangian,

- Crude estimates for spurious “T-odd-like” asymmetries due to initial and final stale inter
actions and the possible ways to distinguish them from the true CP-violating effects.

What 5 notl dizeussed?
- The nature of CP-violating phenomenological terms (1liggs, Leptoquarks, Supersymmetry,

- The (model dependent) limits to CP-odd asymmetries at the energy scale of W%/ 2% mass,
atising from low energy searches for OF- and I:violation.

= The dilution of asymmetries due to (strong/locse?) correlations of quarks’ and antiquarks’
polarizations to the polarizations of colliding protons.

Conclusion

(i) The mcasurement of Toodd correlations on the order of at least
polarized proton collisions at RHIC,

(i1) ,T]"? observation of nonzero T-odd correlations in W+ —+ ¢(p)v mode would be a stron
indication of CP- and/or T-violation at about the weak coupling scale. "

~107" is possibla in

Issucs to address in more details

(i) RHIC: sensitivity to the broken B and/or T-symmetries in both quark and lepton
Eouplmg sectors, including also hadron decay modes of W (and probably even Z° 7)
osuME.
{11) Separation of “true” Todd cotrelation from the “spurious” asvmmetries
{Iu} Systematic errors due to the experimental tolerances (spin alignment etn;}
(iv) Predictions of various models as well as the limitations to C'P- and/or Er’lviula.l.i agyi-
metries at RIIIC energies, arising from the earlier accomplished experiments, i

(v) Search for other CP- and Tviolating processes that might be ially i i
tentiall ¢
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(vi) ...(777)
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If free polarized quarks could be collided at RHIC

Disclamer: There is (almost?) no hope to measure at RITIC
CP-violating asymmetries due to CP-odd phase in CKM-matrix.

T-odd correlations in gg C.M. system:
k-[Cqy X P ; k-[Cq X P| ; k-[Cq X (ol

p is momentum of quark (p = p,);

k is momentum of lepton (k = k, or k = k.-);
Cq Is polarization of quark;
(7 is polarization of antiquark.

At least one quark has to be transversely polarized.




Phenomenological interaction lagrangian:
((_]‘. l.. Kane, G. A. Ladinsky, and C. P.Yuan, Phys Rev. D45 (1992) 1':94,{)

f{[ fqﬁ?'}/” flLP-*"'ffRP )q”+h(‘]

+MH
MH {aﬂwfﬂ 7l f S ffpﬁ-)qu + ke ]}
where p_j_ = E(l o ”}”,} o = _j!f(ﬂi"“ Tr" — AI,aI"-TF)_

Using other notations,

\/-{[ L (L =nys)gu+hel+... }

CP- and T-symmetries are broken if

Im{n} #0.

——[8, W, q0" (f P- + f5'Py)qy + h.c] +
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Single-spin asymmetries:
T-even (but P-odd): A %{(k - ¢)

A

Small double-spin asymmetries:

Teeven: A &< %(Cq - k)(Cq - k)
T-odd:
Both quarks transversely polarized:
A o< Im{n} 28k - [Cq X ]

One quark longitudinally polarized:
M
A o« Im{n}=tk - [(q X (g]
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(Potentially) Large double-spin asymmetries:

Parallel spins Perpendicular spins

it Ao 1= 1 G- B - /S L
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